ABSTRACT
Introduction
The treatment of locally advanced (stages IIb-IVa) cervix cancer remains a major problem in gynaecological oncology. Radiotherapy is still a cornerstone in the treatment although improvements have been obtained with the introduction of concomitant chemotherapy. Progress, however, is more moderate [1] than expected from the first results 10 years ago. A major fraction of the patients cannot be cured with the present treatment options and new modalities are eagerly awaited. Introduction of new treatments should be evidence based and there is an obvious need for a better selection of patients not cured by the present treatment offered. New prognostic markers may serve that purpose and studies along that line are certainly justified.
The epidermal growth factor (EGF) system consists of several ligands and a family of four receptors. The receptors have tyrosine kinase activity, and binding of the ligands results in hetero-or homo-dimerization and phosphorylation of the intracellular domain. The activation results in a cascade of reactions ending up with cell proliferation and decreased apoptosis. There seems to be a relation between the EGF system and the vascular endothelial growth factor (VEGF) system, but the possible mutual influence needs further elucidation. The Epidermal Growth Factor Receptor (EGFR, ErbB-1) is overexpressed in several malignant tumors including cervix cancer [2] . The overexpression may appear early in the carcinogenesis and increase during the malignant development [3] .
Cyclooxygenase-2 (COX-2) is a cytokine inducible enzyme converting arachidonic acid into prostaglandins, which have a radioprotective effect [4] . Overexpression of COX-2 may reduce the radiosensitivity and consequently signalize a poor prognosis in patients treated with radiotherapy. Furthermore, COX-2 is linked with angiogenesis [5] , which may further increase the prognostic influence.
The objective of the present study was to investigate the prognostic importance of EGFR and COX-2 expression in a homogenously classified and treated patient material with stages IIb-IVa cervix cancer and long-term observation.
Materials and Methods
The study included 91 patients with cervix cancer stages IIb-IVa. All patients had histopathological verification of the diagnosis by examination of biopsy specimens. The patients were examined under general anesthesia and further classified according to FIGO guidelines. The treatment was a combination of external radiation and brachytherapy modified according to tumor size. The external treatment was based on a conformal technique given by a linear accelerator with an energy ≥ 6 MV. A 4-field technique with two A/P-P/A fields and two lateral fields was used to differentiate the dose to tumor and lymph nodes at risk. The A/P-P/A fields included tumor and pelvic lymph nodes. The daily dose was 1.8 Gy. The daily tumor dose was increased by the two lateral fields to 2.0 Gy by a concomitant boost of 0.2 Gy. Tumors 4-8 cm received 50 Gy/25 fractions and a lymph node dose of 45 Gy/25 fractions. The tumor dose was raised by 6 intracavitary insertions with a total dose to point A of 28.44 Gy. Tumors > 8 cm received 60 Gy by external radiation and 20 Gy/5 insertions by intracavitary treatment.
Immunohistochemistry
Tumor specimens were obtained before any cancer therapy. For immunohistochemistry 4 µm sections were cut from neutral-buffered formaldehyde-fixed paraffin-embedded tissue blocks. Sections were mounted at SuperFrost Plus slides, dried at 60˚C, deparaffinized and hydrated. Prior to antigen retrieval, blocking of endogenous peroxidase in 1.5% hydrogen peroxide in TBS buffer, pH 7.4 was done for 10 min. Antigen retrieval was performed using microwave heating in 10mM Tris with 0.5 mM EDTA at pH 9.0 (TEG) for 11 min at full power (900W), then for 15 min. at 400W. After heating, slides remained in the buffer for 15 min. Incubation with antibodies (EGFR.113, dilution 1:50 (NovoCastra, Newcastle upon Tyne, UK) and COX-2, CX-294, dilution 1:50 (Dako, Glostrup, Denmark) was done for 60 min. at room temperature. Immunostaining was automated using the EnVision+™ detection system for COX-2 and PowerVision+™ detection system for EGFR.113 on the AutoStainer instrument (Dako, Glostrup, Denmark). As substrate-chromogen system DAB + K3468 was used (Dako, Glostrup, Denmark). Immunostaining was followed by brief nuclear counter staining in Mayer's haematoxylin. Finally, cover slips were mounted with AquaTex (Merck, Darmstadt, Germany).
Evaluation of Immunohistochemic Staining
A semi-quantitative approach was used to analyze the EGFR staining reaction. The proportion of positive tumor cells in each sample was scored as 0%, 1 -9%, 10 -50% and > 50%. The staining intensity was scored as no staining, low intensity, moderate intensity or strong intensity. Specimens with membranous staining at moderate or intense staining intensity in more than 10% of the tumor area were scored as positive.
The staining pattern of COX-2 was classified as score 0 when negative or unspecific, score 1 if the staining was weak and incomplete in more than 10% of tumor cells, score 2 if moderate and complete staining was detectable in more than 10% of the tumor cells, and score 3 if more than 10% of the tumor cells displayed strong and complete membranous or cytoplasmatic staining. COX-2 was scored as positive when more than 10% of the tumor area stained with a moderate or strong intensity. Very similar methods are used in several other studies [6] [7] [8] [9] .
Statistical Analyses
For the assessment of a correlation between markers (EGFR and COX-2) and clinicopathological parameters, chi-square statistics were employed. Univariate overall survival analysis was performed using the Kaplan-Meier method and log-rank statistics for comparison of survival curves. Multivariate overall survival analysis was based on the Cox regression model. Clinical parameters, FIGO stage and age were analyzed as continuous variables and EGFR and COX-2 as categorical variables. Statistical significance was defined as a probability level < 0.05. All statistical analysis were done using the NCSS software (version 07.1.5, 2007, Kaysville, Utah, www.ncss.com)
Results
The patients were included from 1994 -1999. Table 1 shows the patient characteristics. It appears that > 90% of the patients had stage IIb or IIIb and more than 90% had squamous cell carcinoma.
The Hb level was within normal range in most patients. The median follow-up time was 12 years.
Twenty cervical cancer tissue samples (22%) expressed membranous EGFR staining at a moderate to strong intensity in more than 10% of the tumor cells and scored as positive, while 71 samples (78%) were scored as negative. The staining patterns are illustrated in Figure 1 . Cytoplasmatic EGFR staining was also assessed in this study. Almost all tumor specimens stained uniformly with a weak cytoplasmatic intensity in more than 50% of the tumor cells. Expression of membranous EGFR showed no correlation with other parameters, including age, FIGO stage, tumor size, histology, pretreatment hemoglobin or COX-2 expression, which was also independent of histopathology and clinical characteristics. Table 1 also shows that 18% of the patients were classified as positive with respect to COX-2 expression meaning that more than 10% of the tumor cells stained with a moderate or strong intensity.
Of the 91 patients included in this study, 61 (67%) were deceased by the time of this analysis. The median survival time for all included patients was 6.7 years [3.7 -8.5 years] 95% CI, with a range of 0.3 to 14.3 years.
The overall survival was significantly worse (p = 0.0002) for patients with tumors staining positive for EGFR. The survival curve is shown in Figure 2(a) . The median survival was 8.5 years (95% CI, 5.9 -10.5 years) for tumors with negative EGFR immunostaining, whereas the median survival for patients with EGFR positive tumors was 2.4 years (95% CI, 1.3 -3.6 years). Similarly, COX-2 overexpression was also associated with poor survival compared to patients without COX-2 overexpression (P = 0.0084, Figure 2(b) ). The median survival time for the 75 patients with COX-2 negative tumors was 7.4 years (95% CI, 5.5 -10.2 years), while that of the 16 patients with COX-2 positive tumors was 2.3 years (95% CI, 1.2 -3.8 years). Since both EGFR and COX-2 expression were associated with overall survival, we evaluated the prognostic significance of these two markers in combination. Only 4 patients co-overexpressed both markers and an additional 28 patients overexpressed one of the markers, while the remaining 59 patients showed normal levels of both. Figure 2(c) illustrates the Kaplan-Meier curve for the combination of the two markers and it appears from the curve that patients with no overexpression of the two markers had significantly better survival (P < 10 -5 ) compared to patients that were positive for either of the two markers. The median survival time was 10.2 years (95% CI, 7.1 -12.1 years) for patients negative for the two markers and 2.4 years (95% CI, 1.5 -3.6 years) for patients positive for one or two markers.
In a multivariate survival analysis both EGFR and COX-2 proved to be independent prognostic factors with hazard ratios of 2.43 and 1.94, respectively, with a longer survival for patients that showed no overexpression of the markers (Table 2(a) ).
When analyzing the combination of EGFR and COX-2 in a multivariate COX regression model, also this combination of patients with overexpression of either both markers or just one of the markers proved to be an independent prognostic factor with a hazard ratio of 3.05 compared to patients that had no overexpression of either marker (Table 2(b) ).
Discussion
The literature dealing with prognostic markers in cervix cancer is broad [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Several traditional histopathological markers, e.g. grade, have been claimed to hold prognostic information, but none of the different grading systems have been generally accepted for daily routine use [10] . The issue is important, as more aggressive treatment with more toxicity should be based on a rational selection of patients. A number of publications have suggested that the expression of EGFR may serve as a prognostic marker. Kersemaekers [6] included 136 stage I and II patients and observed a moderate/strong expression in 54% of the tumors. EGFR overexpression was associated with a worse prognosis as estimated by disease free (p = 0.002) and overall (p = 0.003) survival. The independent prognostic importance was verified in a multivariate analysis. Kristensen et al. analyzed 132 patients stage Ib. EGFR overexpression was found in 25.8% of the tumors with a clear negative prognostic impact [7] . The results are confirmed in advanced cervix cancer by our findings although our rate of overexpression was lower (22%), a fact that may be explained by different methods and probably also different evaluation of the immunohistochemic stainings.
Kim et al. [3] included all stages in a study of 73 patients and reported an independent prognostic importance of EGFR expression using an enzyme immuno-assay. It should, however, be mentioned that negative results also have been reported. Scambia et al. [11] found no relationship between EGFR expression and overall survival. It should be noticed that their approach was a quantitative measurement of the EGFR protein, which cannot without reservations be compared to immunohistochemistry.
Furthermore, it is important to realize that immunohistochemistry is not an objective method and it is only semi-quantitative at best. Consequently, diverging results are more or less bound to occur. There is evidence that EGFR overexpression occurs more often in the squamous cell carcinoma compared to the other types [8, 12] . When comparing different results, the tumor types should be accounted for.
Lindström et al. [12] included 129 women with squamous cell carcinomas and compared them with 31 women with adenocarcinomas with respect to expression of 11 different tumor markers including EGFR and COX-2. It was found that EGFR in fact was significantly over-expressed in squamous cell carcinomas of the cervix compared to adenocarcinomas. The study concluded that COX-2 is associated with poor prognostic outcome for women with squamous cell carcinomas. EGFR on the other hand was not found to correlate to survival in either histological type. Both tumor markers were found to be more highly expressed in adenocarcinomas compared to squamous cell carcinomas. The results suggest that future studies should be conducted on separate histological subtypes. In the present study we were not able to examine this difference because of the small sample of adenocarcinomas.
Overexpression of COX-2 can be found in inflammation but also in the pre-invasive stage of cervix lesions. The overexpression in cervix cancer seems to be associated with advanced stages and distant metastases [13] . In stage Ib COX-2 expression failed to demonstrate a prognostic significance although it had a significant correlation with lymph node metastases [9] . COX-2 holds prognostic information when over-expressed in stage IIIb-IVa cervical cancer as also seen in the present study [5] . The combination of EGFR and COX-2 seems to hold additive prognostic information as shown by Kim et al. [14] . They divided their patients into four groups according to EGFR and COX-2 expression. The patients with positivity for both markers had a poor prognosis compared to the other three groups. It should, however, by noticed that some of the groups were very small (8 patients) and the results should be interpreted with caution. Our result indicates that an overexpression of one of the markers signalizes a poor prognosis, which holds true in a multivariate analysis.
Over-expression of COX-2 may have a radio-protective effect [15] . It is therefore obvious to use COX-2 inhibitors as radiosensitizers and there are in vitro studies indicating that e.g. celecoxib has an oxygen enhance factor of 1.9 [16] . However, clinical studies have been disappointing. In a phase II trial Herera et al. [17] found a high rate (35.5%) of grade 3 and 4 toxicity, but no difference in response rate. Similar results were reported in a radiation therapy oncology group (RTOG) study [18] with 128 patients. Grade 3 and 4 toxicity was reported in 47% of the patients, but there was no significant increase in efficiency. A phase II trial in rectal cancer was also negative [19] . The possible clinical importance of COX-2 in cervix cancer needs further clarification.
Several studies have been conducted regarding the clinical and therapeutic importance of EGFR over-expression [6, 7, 11, 12, [20] [21] [22] . It is widely known that one of the challenges in chemotherapeutic treatment is drug resistance. Promising results are shown in in vitro studies using cetuximab, a monoclonal antibody targeting the EGFR, thus exploiting the fact that EGFR is over-expressed in cervical cancer cells. EGF and cetuximab compete for the binding site on EGFR and after binding it causes internalization without activation of the tyrosine kinase activity causing downmodulation of EGFR consequently inhibiting proliferation [20] [21] [22] . Furthermore, in vitro studies have indicated an EGFR level-dependent increase of resistance to radiotherapy in ovarian cell lines, which is converted by treatment with a monoclonal antibody that downregulates EGFR [23] . This might also be the case for cervical cancer cells, but further studies are needed to clarify the matter.
In conclusion the present study shows that EGFR and COX-2 are important prognostic markers in stage IIb-IVa cervix cancer. The results need verification in prospective trials.
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